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S U M M A R Y
To effectively track the growth of inﬂuenza, we piloted an online system to monitor inﬂuenza-like illness
(ILI) in the community in one district of Hong Kong. Four syndromic markers, namely fever, respiratory
symptoms, fever with respiratory symptoms, fever and/or respiratory symptoms, either of the individual
or of the household, were collected during the study period from June 2012 to October 2013. A total of
132 residents of Tuen Mun District reported syndromic markers at the individual and household levels
on a weekly basis. Temporal patterns of these markers were compared with data derived from laboratory
surveillance by dynamic linear regression. Household respiratory symptoms were found to be an
effective syndromic marker, pre-dating overall laboratory virus surveillance results on inﬂuenza
diseases in two inﬂuenza seasons by 3–4 weeks. To conclude, respiratory symptoms can be a good
marker predicting the onset of the inﬂuenza season in the community, and is particularly useful with
regard to data from households, even if the sample size may not be a large one.
 2014 The Authors. Published by Elsevier Ltd on behalf of International Society for Infectious Diseases.
This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-
nc-nd/3.0/).
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Surveillance of ‘inﬂuenza-like illness’ (ILI) has conventionally
relied on the collection of data in health settings, often as an
extension of case reporting and laboratory surveillance. Advances
in internet technology have facilitated the development of
surveillance systems targeting members of the public.1–3 However,
a common framework for ILI surveillance is not yet available.
Sampling bias and the varied deﬁnition of ILI are making
comparisons across systems difﬁcult. The impacts of the char-
acteristics of the inﬂuenza season in different climatic environ-
ments, e.g. temperate versus sub-tropical localities, are also not
known.
In Hong Kong, the Government’s inﬂuenza surveillance
mechanism comprises laboratory surveillance and a variety of
sentinel systems, which process ILI data (fever above 38 8C and
cough or sore throat).4 Coverage of the mechanism is limited to
patients in health settings. Our study aimed to test the feasibility of* Corresponding author. Tel.: +852 22528812; fax: +852 26354977.
E-mail address: sslee@cuhk.edu.hk (S.S. Lee).
http://dx.doi.org/10.1016/j.ijid.2014.02.010
1201-9712/ 2014 The Authors. Published by Elsevier Ltd on behalf of International So
license (http://creativecommons.org/licenses/by-nc-nd/3.0/).community-level ILI surveillance and to evaluate the validity of
selected syndromic markers for assessing temporal trends.
2. Methods
Tuen Mun District, with a population of 487 546 in 2011, was
selected as the study site. Following random household sampling
of a residential building database (Centadata, at http://hk.centa-
data.com/), postal invitations were sent for online registration on a
study website, ‘‘E-community Surveillance System for Inﬂuenza-
Like Illness’’ (EcSS, at http://www.ecss.hk). Participants (aged 18
years) consented to provide baseline socio-demographic data and
information on household structure and location of residence.
They were requested to report any fever and/or respiratory
symptoms (cough, runny nose, sore throat) in the preceding week,
both for themselves and for their household. A weekly reminder
was emailed and an incentive (coffee coupon) was offered for every
10 weekly updates. Approval was obtained from the Chinese
University of Hong Kong Committee on Survey and Behavioural
Research Ethics.
Four syndromic markers at the individual and household levels
were measured; these were the weekly proportion of (1) fever, (2)
one or more respiratory symptoms, (3) fever with one or moreciety for Infectious Diseases. This is an open access article under the CC BY-NC-ND
Table 1
Characteristics of study participants (N = 132)
Characteristics n %
Socio-demographics
Male gender 54 40.9%
Age >35 years 62 47.0%
Economic activity
Work 73 55.3%
Study 36 27.3%
Not at work (housewife/retired)a 23 17.4%
Live and study/work in the same district (n = 36) 30 83.3%
Household structure
Living alone 6 4.5%
Household size 5 12 9%
With children/elderly 65 49.2%
a Other reasons for not being at work, including disability and currently
unemployed, were not reported by any participant.
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respiratory symptoms. These were respectively smoothed in 2-
week windows by seasonal-trend decomposition procedure based
on Loess,5 implemented in R2.13.2. Separately, the temporal
pattern of each syndromic marker (independent variable) was
compared with data derived from laboratory surveillance (depen-
dent variable) by dynamic linear regression (dynlm function in
R2.13.2).6 The time lag between dependent and independent
variables in the model ranged from 3 weeks to +4 weeks.Figure 1. Weekly number of reported cases (gray solid line) and smoothed trend (black s
http://www.chp.gov.hk/en/guideline1_year/134/441/304.html) as follows: (a) all inﬂue
inﬂuenza B; and eight syndromic markers: (e) household with fever and/or 1 respirato
fever only; (h) household with fever and 1 respiratory symptom; (i) individual with feve
(k) individual with fever only; (l) individual with fever and 1 respiratory symptom.3. Results
Overall, 132 persons participated in the study, representing
0.6% of households invited. The characteristics of participants were
similar to the district population in gender ratio, proportion in
work, household size, and proportion of housewives or retirees
(Table 1). There was however a higher proportion of participants
aged >35 years and a >10% difference in the proportions of
students and those living alone.
During the course of the study (week 24 of 2012 to week 41 of
2013), two inﬂuenza seasons occurred: the ﬁrst was dominated by
H1N1 and this was followed immediately by the second dominated
by H3N2 (Figure 1). Using 1 standard deviation (SD) from the mean
as the threshold, the proportion (expressed per 1000) of weekly
household fever and/or respiratory symptoms and household
respiratory symptoms alone were two markers that demonstrated
the corresponding seasonal peaks from week 49 (2012) to week 8
(2013) (Figure 1, e and f). The peaks of these markers were ahead of
the seasonal H1N1 peak detected by laboratory surveillance, the
latter between week 7 and week 18 in 20137 (Figure 1b). In the
dynamic linear regression models, household respiratory symp-
tom alone was a signiﬁcant predictor of overall inﬂuenza virus
detection by laboratory surveillance, occurring 3–4 weeks ahead of
the latter (p < 0.05). Addressing the two seasonal viruses
separately, weekly household fever and/or respiratory symptom
was a signiﬁcant predictor of H1N1, occurring 2–4 weeks in
advance of laboratory surveillance (p < 0.05), while individualolid line) classiﬁed into laboratory diagnosed inﬂuenza (data source: Flu Express at
nza types and subtypes; (b) inﬂuenza A (H1N1)pdm09; (c) inﬂuenza A (H3); (d)
ry symptom; (f) household with 1 respiratory symptom only; (g) household with
r and/or 1 respiratory symptom; (j) individual with 1 respiratory symptom only;
S.S. Lee, N.S. Wong / International Journal of Infectious Diseases 23 (2014) 44–4646respiratory symptoms were ahead of H3N2 disease by 1–4 weeks
(p < 0.05) (see Supplementary Material, Table S1).
4. Discussion
The choice of a valid syndromic marker and an effective
sampling frame in the community are paramount in the
implementation of an ILI surveillance system in the community.
Our study suggests that respiratory symptoms, with or without
fever, carries a higher predictive value than the conventional
deﬁnition of ILI (fever + respiratory symptom) in informing the
impending onset of an inﬂuenza season. Our study results echo
those of others that have relied on the monitoring of respiratory
symptoms in evaluating the incidence of respiratory viral
infection.8 On the other hand, sampling is a major challenge for
community surveillance. Given the diversity of socio-demographic
characteristics of individual members of the public, it is hard to
deliver robust results with a small population sample. By
performing dynamic linear regression on household data, it is
possible to rely on a smaller number of participants to support
robust analyses. The relevance of this approach may vary with the
transmission dynamics of the virus in question. Different
syndromic markers may need to be considered for tracking the
epidemiology of different respiratory viruses. The validity of our
approach needs further conﬁrmation in larger-scale and broader
studies.
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